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CUTEED B Objective

related infection (FRD).

A multiplex PCR system was established to rapidly detect pathogenic bacteria for fracture-
Methods Specific primers and probes were designed using specific DNA sequences of 5 five
coli, P.

The established multiplex qPCR method had better specificity and the value of cycle threshold (CT) of

common pathogenic strains (S. aureus,S. epidermidis,E. aeruginosa » E. cloacae) for this multiple PCR

assay. Results
this method had a linear relationship with the concentration of each DNA template. The performance of multiplex gPCR
(AUC=0.73;95% CI,0.46—0.80) is comparable to the tissue culture (AUC=0. 88;95% CI,0. 67— 0. 96), while
multiplex qPCR can obtain the result in 5 hours.  Conclusion Compared with the traditional bacterial culture and
biochemical identification, multiplex qPCR test make an effective and accurate pathogenic detection in FRI and

substantially shorten the identification time. It is more advantageous in the detection of multiple bacterial infections and

can be applied to the initial test of FRI.
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1.1 SR#E# KEEABE KI2(ATCC25922) % A
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Hh ] o2 B 2 0y e DRBE R L L R AR AR B IR 1
®1 HEKEE

Table 1 Strain Information

o = S N '
55 kg AR5 BREE
N S ) Strain C)
ame Sources N()_ Temp
R 43 1 2 CGMCC  1.12483 37
S 004 AT BR T 4 B R CGMCC  1.2465 37
F AR CGMCC 1. 4260 37
9 9% i 1 CGMCC 1.2022 37

a: IR AR R H R 10. 0 g, BEERHY 5.0 g, NaCl 10. 0 g, Bl
Br15.0 g, 78K 1O L. b i REMAGIFEAM 5.0 ¢. BFRAY
3.0 g,NaCl 5.0 g, BiflE#; 15.0 g, 288K 1.0 L,

1.2 E&XA A DNA R BORH & TR 3 B
B &l T RAR AR A R AR ERA N
Tt o B A W HOR A R 53 AR A A5 Primer Ex
TaqTM(Probe qPCR) Iy T 5 AW L7 KiE A R A
H AR R & Z S 4 DHbq, 2 X HiFi PCR
SuperMix W F 4t 5t 4> & 4B W R AR 2 w5 M5
Hiper pToPo-TA # &I T at R4 K E VR A IR
NS

LightCycler 480 %¢ % & it PCR Y Wy F f&
Roche Diagnostics 2] ; DY Y-10C %Y e kA W) Tt 52
HiN — A& s IR & B0 AL T 7 [E Eppendorf
2w s B AR O3 H & 58 (Biorad) 1 T 3 [E BIO -
RAD 757,
2 Ak
2.1 3|4 RIFEAHSE BIE GenBank 7 5 F &%
WL B DNA F%1 , B Primer express 3. 0 &1
=X R e WA — A TagMan #5H (5% 2) . EHE
FAM V5 4 v €0 1 2 3K 187 il 2 A1 5 0 11 4 B 7 4
R OGHE A HEX A1 3% B2 3 %5 BR 1A | BV 1 AT 1 45
BB &G A], CYS AR Sy R W 35 A W AR BT 1 4 5
ROCEN . SRS BiEEA DAY TRBRIR S
AR E A .
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Table 2 Nucleotide sequences of primers and probes for multiplex qPCR

LRGSR S TS A B/ K (bp) BIE7E2 51917 51
Strains Specific fragment/Length(bp) Primers Sequence of primers

SA-F CCTGAAGCAAGTGCATTTACGA

B U 00 7] 2 TR R Nuc/166bp SA-R CTTTAGCCAAGCCTTGACGAACT
SA-P FAM-CATCAGCATAAATATACGCTAAGCCACGTCCA-BHQ1
SE-F GCATGCTGCAATAAAAAAATCGT

BRI 16S K /179bp SE-R CCGGAAGTGTATTCCAATGGA
SE-P HEX-CGAGGATTAAATGCATGATGCTGAC-BQH1
K12-F GCCTCGCCTGGAGAATGA

b ECs104/272bp K12-R CCTGAGACTGCGTGGAA
K12-P CY5-CGCGAAACGCGCTTCACTACCGCAA-BHQ2
PA-F TCACCACTCTGCAATCCAGTTC

i SR A PR T ShEER A KH/151bp PA-R GTGAAGGATGAGGCTGATCGA
PA-P FAM-CCCATAAAGCCCTCTTCCGCTCC-BQH1
EC-F CRAGCATCTACGGTGTTGTAGGTG

BH 5 FF OmpX /196bp EC-R CCRTAGTCGCTGTTGCTTGC
EC-P HEX-CGACAGAGGGCGAGAATCTGCTGC-BQH1

7 F:Froward primer, ii#5]4; R:Reverse primer., Fii#5| %) ; P:Probe,

2.2 S HEAMKFEREGHE UUSEMEEY
DNA E R . #E47 PCR 4815 % B Fh ke e v H 19 A
B, g5l W #% 2. PCR {& & (50 pl): 2 X HiFi
PCR SuperMix (% Taq i f1 INTP)25 pL, I F 5]
Py (10 mmol/L) 4 1 pl,ddH,O %% 50 ul.. PCR %
W& 95 CAS P 30 5,55 CiBk 30 5,72 CHEff 30

Wi,

s, AL 30 MEH ; SN ET 95 C Wi AR 5 min; 2 45
72 CHEFF 10 min, PCR F=HI4 156 308 B EE 1 AL 3k
il B e [l fie PCR 74 .

JE [ W 77 1y % 4 2 TOPO 44k, & 452 7 ) e fh &
AZ S UMM DHS o, BHYE B VR B AR A T
FOARNMR 55 A B2 w0 o DA 0 T8 A 109 ve B4R Oy &
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Rt v $REURCRL . PCR B3E.-20 CARAER .
2.4 3F qPCRAEAKZ R B FMH ZE qPCRY"
B W AR F& (20 uL), 2 X Primer Ex Taq 10 pL. 5
pmol/L Primer/probe Mix 1 yL,Plasmid DNA 1 L,
ddH, O % 20 pL, ZH qPCR W 5K :95 CHi
AFPE 3 min, 95 CARYE 15 5,60 CiE K FMIEfH 30 s, It
40 MPEE .

2.5 AFSraeml DL v 0 4 B bR v R BH
PEXE B HE Al 4 B R B b o SORL AR D B PR X IR
ddH, O S TEREA X BG4 T R e PR B0 HIE » S A R M
B &R Bk 2 # qPCR, [A] 3, 4y 4 Fh g DL AR
T TORE g BH 1 X6 S G At TR 70 B o J50ORE A B PR X B
ddH, O Jy oAk B 300k 22 85 PCR A I J5 ¥ 19 4¢
Sk

2.6 #AgEAR NP ZE qPCRAITT %
SR o g 1 A AR BORL DNA £ 4T 10 i Fo A B2
BB M IE R 1 X 10" ng/pl.1X 107 ng/pl.1X
10°ng/pll .1 X 10" ng/plL 1 X 10°ng/pul.. 1 X 10" ng/
uL 19 DNA W . 1508 % % qPCR JZ R 1 5 B2
FAFHEAT PCR 448 K 2% J5 2k 1) U8

2.7 WARHREA AUFRILIET 90 £ ZIRE
A GUREAS  Horp 66 {30y FRI GG . 24 491 B L XS
MR . HA AT SR BU  IT e B 4 . I EOR 4L F
VS A0 A9 AR i BRI PR 2 DNA 48 B0 5] & 48 e
DNA. FIH Lk Z & qPCR J5 ik ¥ 47 B G BUW 15 k5
IR 2 H qPCR J7 i85 R 5 44U 95 1 AT U8R
IrBT . ABEFEMUER B IR R EE ARG B T g AR EE R
BB ZE 5y 25 At ViE (4 5. 2020-73) . HLFT A B3 0 2%
FITANRES.

2.8 it FoA Uit MU SPSS 19. 0 Hff
KT . BT BB T 3. 7. 6 MU R Bl
(R Foundation for Statistical Computing, Vienna,
Austria) #4790 #r. i [ Shapiro-Wilk 4 56 X} % 22 A%
BB IE A5 40 A HEAT R AT L I LA 24 1 £ BR 22 (o £ 5)
For. I R P pROCIFE T 957 BIF X
[i] B R S BH PR B0 (B CPPV) | B A 0
(NPV) 1 ROC £ F i fL(AUC)

g R
1 RN EEER
W 5 A 4 OO A TR R 3 B A BT L A fl
JRLBRT K 35 A T A0 BH YA AT B RE S DNA J3 4 119 i 41
JOkL AT # M PCR AN . H #Y R BER /N U9 R/

(1A . 5k I 45 33 i BLAST 5 GenBank
HORE L 81 1 AT X S T TR IS 99 26 . L SR H k&
SERL IR 5 R 1K/ UM (B 1B) , 2 W AR ifE
JBRL A T

A M DNA #iif DL 2000 1 BItExtBE 2~6 450 E.
cloacae (196 bp) \E. coli (272 bp) \P. aeruginosa (151 bp).S. aureus
(166 bp) .S. epidermidis (179 bp) HE TR % # PCR ™4 B M
DNA fifE DL 5000 1 BH#EXF 2~6 43514 E. cloacae (4 322
bp) .E. coli (4 398 bp).P. aeruginosa (4 277 bp).S. aureus (4 292
bp).S. epidermidis (4 305 bp) B 5 hr 3yt i 4% 06 e R vk 45

1 E#WHBUREMERNE N PCR EE

A M DNA Marker DL 2000 1 Negative control 2—6 PCR
product of plasmid with DNA from E. cloacae (196 bp),E. coli (272
bp),P. aeruginosa (151 bp),S. aureus (166 bp) and S. epidermidis
(179 bp) B M DNA Marker DL 2000 1 Negative control 2—6

Plasmids with DNA from E. cloacae (4 322 bp),E. coli (4398 bp),
P. aeruginosa (4 277 bp),S. aureus (4 292 bp) and S. epidermidis
(4 305 bp).

Fig. 1 PCR identification of five pathogenic bacteria positive plasmids
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I . ZH qPCR HURAME S I 45 2R TR %07 1 19 B
AN e B2 O 110 ng/p L (BT 3) 0 AR 4 fif LU 76 B¢
DNA 1) Ct i g 5 B {5 B2 #5 U1 X $ie 2z il b o
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2 b o R A A A O S B 4 DL T X AR A
Ct {8, 15 2 B 5 5 Bl 47 5 DNA #5 DU ECAY b
HERTZR (] 4) . K0 DNA ¥ 5 £ F PCR iy Ct
HZ PR RAF P4t 56 & A 3¢ R B RHR )
FESHILE 4,

®3 IMBRFESEQPCREEHRER
Table 3 Repeatability results of multiplex qPCR
for five pathogenic bacteria

WiH C cvV

(Groups) (Mean=£S. D) %
SO ERE (S, aureus) AN 19.59+0. 39 0.02
LA AR (S, aureus) 417 21.98+2.54 0.12
LR R R (S, epidermidis) 0 16.57+0. 06 0.01
R EHERE (S, epidermidis) 41 8] 17.42+3.61 0.21
KGR (E. coli) 4N 10. 444-0. 09 0.01
KIGHBAH (E. coli) 41 18.9347.50 0. 40
Hil R B (P, aeruginosa) 20 17.2140.08 0.01
Hi R B H (P, aeruginosa) 20 |A] 15.89+4. 36 0.27
BAVEFFE (E. cloacae) 2N 21.37+0.13 0.01
BAVEAT R (E. cloacae) 4 1A] 18.58+7.17 0.39

A HERAEE B FLAFFE C
HARE E  REAMARE

B2 ZEqQPCREN S HBFRENFRESE

B E. Cloacae C E. coli

Ripgaw D &w@

A P. aeruginosa D S. aureus
E S. epidermidis
Fig. 2 Specificity of multiplex qPCR assays

for five pathogenic bacteria

x4 SHBFERARMOEZESE
Table 4 Linear equation of standard plasmids of 5 pathogenic bacteria

LIPSES

EA FEES < . HRE
Correlation
Name Slope . Intercept
coefficient
40 I BR A (S, aureus) 3. 180 0.997 32.68
F MM BERE (S, epidermidis)  3.320 0. 990 36. 32
KIGBEA W (E. coli) 3.030 0.998 33. 64
M (P, aeruginosa)  3.230 0.998 37.64
BHYE AT H (E. cloacae) 3.380 0.999 39.02

A SR B

A ER

A P. aeruginosa

HwFE C
E KK HHRE

B 3 %EqPCR&EN 5 MBRENFRELR
B E. Cloacae C E. coli

Kb¥mE D SEE

D S. aureus

E S. epidermidis

Fig. 3 Sensitivity of multiplex qPCR assays for five pathogenic bacteria
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Table 5 Clinical tissue test results
U B AL AW i ES e ARG % qPCR 4553
Location Implant Purulence Sinus tract Tissue culture Multiplex qPCR
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24 ) AL 1 B M X BT PR AR v LSRG FR IR A
312,50 R BRI, ZH PCR %A 4 #
(16. 7Y% 5 H W R M M. 7€ 66 4~ FRI %% i b, 41
PR FRVETE 3~7 d %5 W 63 1 (95. 5%) % J5L 4K, 11
Z T qPCR 76 5 h P E H 56 4] (84. 8 %) ¥ I 1A
(£ 5. A 2 GRS GR SRR T) 8 o 20 2155 77 1 A
Z & qPCR 3, 15 2 /9 45 A 6], 1 76 4% 2 B
H, Z 5 qPCR ¥5 A BEARS I 21 B Al , i 412155 95 45

R RAAAEA B AT IR YL (R 6), £ PCR 1)
OB T e 43 B 93, 3% 66. 7%, LA I FR 1Y
TR PESY B R 95, 4% 1 87. 5% (3 7)., W K
0 FEL P o B R R 5 R R DL IR R, £
qPCR I HES M 66. 726748405 90. 9% (% . H4A
AU F P (AUC=0. 88;95% CI,0. 67-0. 96) M k., £
i qPCR /R 9 ROC i £ T 1 BUH X 8/ (AUC =
0.73395% CI,0.46-0. 80) (P<C0.01) (& 5).

R 6 FARBIMBALREFRMEE PCR RN

Table 6 Detective performance of tissue culture and multiplex qPCR in all cases

iR HE R M g R Sk NPVnegative PPV positive AUCarea under Youden 5%k
Test Accuracy( %) Sensitivity( %) Specificity(%)  predictive Value( %) predictivevalue( %) the ROC curve Youden Index
HE B IR 93.3 95.4 87.5 87.5 95.4 0. 88 0. 83
% ¥ qPCR 84.4 93.3 66. 7 83.3 84. 8 0.73 0.68

NPV, BIE S s PPV, BT A s AUC, 28 F i A s PCR ., 584 il 5% X SR o

®7T ENREERLEMNAREFMSE qPCR &7

Table 7 Detective performance of tissue culture and multiplex qPCR in infected by common pathogens

ik 56 WERG 1 R Sk NPVnegative PPV positive Youden 5 %%
Test Accuracy( %) Sensitivity( %) Specificity (%) predictive Value (%) predictivevalue (%) Youden Index
HAREFR % 96. 0 94.4 100. 0 87.5 100. 0 0.94
£ qPCR 92.0 92.5 90. 9 83.3 96. 1 0. 83
10 HRY R LI . SE RSB FRMKR R

0.8 4

0.6

Sensitivity (TPR)

0.2 4

= Culture ROC area: 0.88
= PCRROC area: 0.73
Reference

0.0 -7 T T T T
0.0 0.2 04 06 08 1.0

1-Specificity (FPR)

5 ALIEFEMEE qPCR EHK FRI 2R U R ROC B4
Fig. 5 Receiver operating characteristic (ROC) curves of the
specificity and sensitivity of tissue cultures and multiplex qPCR

for diagnosing of all fracture-related infection.
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JtE it PCR A I % R B0 58 8 A & i 2~ 3 N80
Y. ZEHIGE R PCR LA — D8 b — R
I 22 ol L AT ] B (R R A o 1 R B Ry S 1 AN
TR S iE g HAE AN G AT 1~2 h,

AHFGE h 2 E qPCR K I 0 BH 45 2R o 84,
80, MM 4L 2185 FR K I s () PHPE S5 SR o0 95.5% . 7F 63
151 BAPEBE 55 b5 A< oL 5 s DL SO0 TR S 8120, 7E X
51 % UL B0 G i . 2 8 qPCR #E 5 h #
DT 25049%0) Bl 5 UG R M — B g5 1. 78
26 G145 KA —F i il b A 22 il 2 qPCR 45 1
7R A 22 TR SR, T G OE AT 4 8% 5% 4 R 0 Sy B — TR
PRIBRYY . ARAE IS 2 i S5 e MR BRI T M as SR T
AN TE A R P B PR B . 7E 92. 200 (47/51) [
Wi, 28 qPCR B 45 5 5 41 818 57 19 25 R — 3k
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